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A comparative study of the organic acids and phenolics composition and of the total alkaloids content of entire wild edible mush-
rooms (Russula cyanoxantha, Amanita rubescens, Suillus granulatus and Boletus edulis) and correspondent caps and stipes was performed.
All species presented oxalic, citric, malic and fumaric acids, with A. rubescens exhibiting the highest total organic acids content. Organic
acids were preferably ﬁxed in the cap. Among phenolics, only p-hydroxybenzoic acid was found in A. rubescens and S. granulatus, in very
low amounts. B. edulis was the species that presented the highest total alkaloid amounts. Except for this species, alkaloids mainly accu-
mulated in the cap. All of the species exhibited a concentration-dependent scavenging ability against DPPH. B. edulis revealed the high-
est antioxidant capacity. The cap seemed to be the part with highest antioxidant potential. Some relationships between chemical
composition and antioxidant capacity were considered.
 2008 Elsevier Ltd. All rights reserved.
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Mushrooms have been used as food and food-ﬂavouring
material in soups and sauces for centuries, due to their
unique and subtle ﬂavour. The occurrence of high amounts
of proteins, carbohydrates and ﬁbres and low fat contents
is often referred in the literature in relation to their nutri-
tional value. Furthermore, they have signiﬁcant levels of
vitamins, namely thiamine, riboﬂavin, ascorbic acid and
vitamin D2, as well as minerals (Mattila, Suonpaa, & Piiro-
nen, 2000). Regarding their medicinal value, mushrooms
are eﬀective as antitumor, antibacterial, antiviral and hae-
matological agents and in immunomodulating treatments
(Wasser & Weis, 1999; Yang, Lin, & Mau, 2002).0308-8146/$ - see front matter  2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2008.01.054
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E-mail address: valentao@ﬀ.up.pt (P. Valenta˜o).Mushroom species have been shown to possess antioxi-
dant capacity in in vitro systems (Ribeiro et al., 2006, Ribe-
iro, Valenta˜o, Baptista, Seabra, & Andrade, 2007). Like
other matrices containing antioxidant compounds, e.g.
phenolics (Bendini et al., 2006; Quezada, Ascensio, Del
Valle, Aguilera, & Go´mez, 2004), organic acids (Mato, Hu-
idobro, Simal-Lozano, & Sancho, 2003) and alkaloids
(Quezada et al., 2004), mushrooms can be used both as a
food supplement and in the pharmaceutical industry.
The Tra´s-os-Montes region (northeast of Portugal) is
recognized as one of the richest regions of Europe in wild
edible mushroom species, of considerable gastronomic rel-
evance. Russula cyanoxantha, Amanita rubescens, Suillus
granulatus and Boletus edulis are among the more common
and eaten species.
A previous study on carboxylic and phenolic com-
pounds and their antioxidant activity has been reported
by Ribeiro et al. (2006). In addition, the antimicrobial
48 B. Ribeiro et al. / Food Chemistry 110 (2008) 47–56capacity of tetraprenylphenols isolated from S. granulatus
is described in the literature (Tringali, Piattelli, Geraci, &
Nicolosi, 1989). However, these works were performed
with the entire mushroom. Nothing seems to be reported
for alkaloids determination.
The aim of this work was to perform a comparative
study of the fundamental parts, cap and stipe, of R. cyano-
xantha, A. rubescens, S. granulatus and B. edulis species.2. Materials and methods
2.1. Standards and reagents
Oxalic, citric, ketoglutaric, malic, succinic, quinic, shiki-
mic, fumaric and p-hydroxybenzoic acids, boldine, bismuth
(III) nitrate pentahydrate and 1,1-diphenyl-2-pic-
rylhydrazyl were purchased from Sigma (St. Louis, MO,
USA). Methanol and nitric, hydrochloric, sulphuric, for-
mic and glacial acetic acids were obtained from Merck
(Darmstadt, Germany). Potassium iodide and sodium
hydroxide were from Pronalab (Lisboa, Portugal). Thio-
urea and sodium sulphide x-hydrate were purchased from
Panreac Quimica Sau (Barcelona, Spain). Iron(III) chloride
was purchased from Riedel-de Hae¨n (Seelze, Germany).
The water was treated in a Milli-Q water puriﬁcation sys-
tem (Millipore, Bedford, MA, USA).2.2. Samples
Samples of the four diﬀerent wild edible mushrooms
species were collected from orchards of Quercus pyrenaica
or Pinus pinaster, in the Braganca region (northeast Portu-
gal) (Table 1).
After harvesting, the mushrooms were immediately
transferred to the laboratory. Taxonomic identiﬁcation fol-
lowed those done by several authors (Bas et al., 1990–2001;
Bon, 1988; Courtecuisse, 1999; Courtecuisse and Duhem,
1995; Marchand, 1971; Moser, 1983) and representative
voucher specimens were deposited at the herbarium of Es-
cola Superior Agra´ria of Instituto Polite´cnico de Braganca.
Samples were dehydrated in a ventilated stove at 30 C, for
5 days, and then caps and stipes were separated. Entire
mushrooms were also used for comparisons. The diﬀerent
materials were kept in the dark, in hermetically sealed bags
prior to analysis. All materials were crushed and passed
through a 910 lm screen.2.3. Extraction of phenolics, organic acids and alkaloids
For the chemical characterization and for antioxidant
activity assay, 10 g of each powdered sample were boiled
in 500 ml of water for 30 min and then ﬁltered through a
Bu¨chner funnel. The resulting extract was lyophilized in a
Labconco 4.5 Freezone apparatus (Kansas City, MO,
USA), at 45 C and 33  103 mbar, for 6 days. The
lyophilized extracts were kept in an exsicator, in the dark.2.4. HPLC analysis of organic acids
The lyophilized extract was redissolved in 0.01 N sul-
phuric acid and 20 ll were analyzed as previously reported
(Ribeiro et al., 2006), in a system consisting of an analytical
HPLC unit (Gilson), in conjunction with a column heating
device set at 30 C, with an ion exclusion column, Nucleo-
gel Ion 300 OA (300  7.7 mm). Elution was carried out
isocratically with sulphuric acid 0.01 N, at a solvent ﬂow
rate of 0.2 ml/min. The detection was performed with a
UV detector set at 214 nm.
Organic acids quantiﬁcation was achieved by the absor-
bance recorded in the chromatograms relative to external
standards, and the peaks in the chromatograms were inte-
grated using a default baseline construction technique.2.5. Phenolic compounds screening tests
Lyophilized extract (0.25 g) were redissolved in 2 ml of
water and 20% NaOH and 4.5% FeCl3 were added to
two aliquots of the resulting solution.2.6. HPLC analysis of phenolics
For phenolic compounds analysis, the lyophilized
extract was redissolved in water and 20 ll of the resulting
solution were analyzed using an analytical HPLC unit
(Gilson), with a Spherisorb ODS2 (25.0  0.46 cm;
5 lm, particle size) column (Valenta˜o et al., 2005a). The
solvent system was a mixture of water–formic acid
(19:1) (A) and methanol (B). Elution was performed at
a ﬂow rate of 0.9 ml/min and the gradient was as follows:
5% B at 0 min, 15% B at 3 min, 25% B at 13 min, 30% B
at 25 min, 35% B at 35 min, 45% B at 39 min, 45% B at
42 min, 50% B at 44 min, 55% B at 47 min, 70% B at
50 min, 75% B at 56 min and 80% B at 60 min. Detection
was achieved with a Gilson diode array detector. Spectral
data from all peaks were accumulated in the 200–400 nm
range and the chromatograms were recorded at 280 nm
for p-hydroxybenzoic acid. Data were processed using
the Gilson Unipoint system and peak purity was checked
by the software contrast facilities. The peaks in the chro-
matograms were integrated using a default baseline con-
struction technique.2.7. Total alkaloids
2.7.1. General
The total alkaloid contents were determined by a spec-
trophotometric method, in which the alkaloids were pre-
cipitated by Dragendorﬀ’s reagent, following a described
procedure (Sreevidya & Mehrotra, 2003), but using a dif-
ferent range of bismuth nitrate stock solution concentra-
tions and omitting the washing step after alkaloids
precipitation.
Table 1
Characterization of mushroom samples
Sample Species Orchard/Origin Field Date Material
1A Russula cyanoxantha Q. pyrenaica/Braganca 1 20-05-2006 Entire mushroom
1B R. cyanoxantha Q. pyrenaica/Braganca 1 20-05-2006 Stipe
1C R. cyanoxantha Q. pyrenaica/Braganca 1 20-05-2006 Cap
2A R. cyanoxantha Q. pyrenaica/Braganca 2 20-05-2006 Entire mushroom
2B R. cyanoxantha Q. pyrenaica/Braganca 2 20-05-2006 Stipe
2C R. cyanoxantha Q. pyrenaica/Braganca 2 20-05-2006 Cap
3A R. cyanoxantha Q. pyrenaica/Braganca 3 20-05-2006 Entire mushroom
3B R. cyanoxantha Q. pyrenaica/Braganca 3 20-05-2006 Stipe
3C R. cyanoxantha Q. pyrenaica/Braganca 3 20-05-2006 Cap
4A Amanita rubescens Q. pyrenaica/Braganca 1 23-05-2006 Entire mushroom
4B A. rubescens Q. pyrenaica/Braganca 1 23-05-2006 Stipe
4C A. rubescens Q. pyrenaica/Braganca 1 23-05-2006 Cap
5A A. rubescens Q. pyrenaica/Braganca 2 20-05-2006 Entire mushroom
5B A. rubescens Q. pyrenaica/Braganca 2 20-05-2006 Stipe
5C A. rubescens Q. pyrenaica/Braganca 2 20-05-2006 Cap
6A A. rubescens Q. pyrenaica/Braganca 3 23-05-2006 Entire mushroom
6B A. rubescens Q. pyrenaica/Braganca 3 23-05-2006 Stipe
6C A. rubescens Q. pyrenaica/Braganca 3 23-05-2006 Cap
7A Suillus granulatus P. pinaster/Braganca 1 19-11-2005 Entire mushroom
7B S. granulatus P. pinaster/Braganca 1 19-11-2005 Stipe
7C S. granulatus P. pinaster/Braganca 1 19-11-2005 Cap
8A S. granulatus P. pinaster/Braganca 2 19-11-2005 Entire mushroom
8B S. granulatus P. pinaster/Braganca 2 19-11-2005 Stipe
8C S. granulatus P. pinaster/Braganca 2 19-11-2005 Cap
9A Boletus edulis Q. pyrenaica/Braganca 1 19-11-2005 Entire mushroom
9B B. edulis Q. pyrenaica/Braganca 1 19-11-2005 Stipe
9C B. edulis Q. pyrenaica/Braganca 1 19-11-2005 Cap
10A B. edulis Q. pyrenaica/Braganca 2 19-11-2005 Entire mushroom
10B B. edulis Q. pyrenaica/Braganca 2 19-11-2005 Stipe
10C B. edulis Q. pyrenaica/Braganca 2 19-11-2005 Cap
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Bismuth nitrate (0.8 g) was dissolved in 40 ml of distilled
water and 10 ml of glacial acetic acid. The resulting solu-
tion was mixed with 20 ml of 40% potassium iodide.
2.7.3. Calibration curve
A bismuth nitrate stock solution was prepared by dis-
solving 18.4 mg of bismuth nitrate in 5 ml of concentrated
nitric acid and diluting to 100 ml with distilled water. A
calibration curve was obtained with diluted solutions in a
concentrations series of 379, 284, 213, 160, 120, 90.0,
67.5, 50.6 and 38.0 lmol/l. One ml of each solution was
taken and 5 ml of thiourea 3% were added. The absorbance
of the yellow solution was measured at 435 nm. The assay
was performed in triplicate. The average regression equa-
tion was y = 6.83  104x.
2.7.4. Assay
A stock solution of boldine was prepared by dissolving
10 mg in warm distilled water, made up to 10 ml. For
mushroom extracts, ca. 0.15 g of each lyophilized material
was treated in the same way.
Five ml of boldine solution/extract were taken and
adjusted to pH 2–2.5 with 0.01 M HCl; 2 ml of DR were
added and the precipitate formed was centrifuged at5000 rpm for 10 min. The centrifugate was checked for
complete precipitation by further addition of DR. After
centrifugation, the supernatant was discarded and the res-
idue was treated with 2 ml 1% sodium sulphide. The
brownish black precipitate formed was then centrifuged
at 5000 rpm for 15 min. Complete precipitation was
assessed by further addition of 1% sodium sulphide. The
residue was dissolved in 2 ml of concentrated nitric acid,
with warming and sonication. This solution was diluted
to 10 ml with distilled water; 5 ml of thiourea 3% were
added to 1 ml of the resulting solution, and the absorbance
was measured at 435 nm. All the assays were performed in
triplicate.
The amount of bismuth present in the boldine solution/
extract was determined from the calibration curve of bis-
muth nitrate. The results were expressed as boldine, consid-
ering that this is a monobasic alkaloid and, therefore, the
complex formed with bismuth follows a 1:1 stoichiometry.2.8. DPPH-scavenging activity
The antiradical activity of the extracts was determined
spectrophotometrically in an ELX808 IU Ultra Microplate
Reader (Bio-Tek Instruments, Inc.), by monitoring the dis-
appearance of DPPH at 515 nm, according to a described
50 B. Ribeiro et al. / Food Chemistry 110 (2008) 47–56procedure (Ribeiro et al., 2006). For each species, only one
sample was tested, corresponding to that with the highest
available amount of lyophilized extract. The reaction mix-
tures in each well consisted of 25 ll of aqueous extract and
200 ll of 150 mM DPPH. The plate was incubated for
30 min at room temperature after addition of DPPH solu-
tion. Three experiments were performed in triplicate.
2.9. Statistical analysis
The evaluation of statistical signiﬁcance was determined
by ANOVA, followed by Newman–Keuls test. The level of
signiﬁcance was set at p < 0.05 (95% statistical conﬁdence
level).
3. Results and discussion
3.1. Organic acids
The organic acid proﬁle showed that all the four species
contained oxalic, citric, malic and fumaric acids. Some of
them also had ketoglutaric, quinic, succinic and shikimic
acids (Table 2, Fig. 1). A. rubescens presented the highest
total organic acids content, followed by R. cyanoxantha,
S. granulatus and B. edulis.
R. cyanoxantha showed a proﬁle composed of oxalic,
citric, malic, quinic and fumaric acids (Table 2). Excepting
sample 2, in which the entire mushroom was the material
presenting the highest total organic acids amount, it seems
that these compounds accumulate mainly in the cap. In
quantitative proﬁle, the diﬀerent mushroom parts are sim-
ilar, presenting malic and quinic acids as the major com-
pounds. Oxalic acid was the minor one. However, some
diﬀerences were observed: the cap showed a tendency for
higher concentrations of citric and quinic acids, but its
malic acid content was signiﬁcantly smaller than that of
the stipe (Fig. 2).
In comparison with entire mushrooms, studied previ-
ously (Ribeiro et al., 2006), we observed that the samples
analyzed did not present aconitic or succinic acids, but
their total organic acids were higher. These diﬀerences
could be due to the origin of the orchard (the previous sam-
ples were obtained from a Castanea sativa orchard) and/or
to the year of collection. In addition, the samples may cor-
respond to diﬀerent maturity stages. As observed previ-
ously, malic and quinic acids were the main compounds
and the sum of their relative amounts was also similar
(ca. 89% of total acids).
In A. rubescens, oxalic, citric, ketoglutaric, malic, quinic,
succinic, shikimic and fumaric acids were identiﬁed (Table 2,
Fig. 1). It does not seem that organic acids are accumulated
at a special part since, for each one of the three A. rubes-
cens samples, the material presenting the highest organic
acids contents were diﬀerent: for sample 4, the cap exhib-
ited the highest amount while for samples 5 and 6, it was
the entire mushroom and the stipe, respectively. The cap
had signiﬁcantly higher citric acid contents than the stipe.On the other hand, quinic acid concentrations were signif-
icantly higher in the stipe (Fig. 2).
When comparing with the entire mushroom of a previous
work (Ribeiro et al., 2006), the organic acids proﬁle was dif-
ferent because of the presence of succinic acid and the
absence of aconitic and ascorbic acids in the samples now
analysed. The total organic acids content was also superior
to that found previously (Ribeiro et al., 2006). The major
compound was now quinic acid (Fig. 2), instead of the pair
malic plus quinic acids. The diﬀerences observed could be
related to the samples’ origin (the samples analyzed previ-
ously came from a C. sativa orchard), to the year of collec-
tion and/or to diﬀerent developmental stages of the samples.
The analysis of S. granulatus samples allowed the iden-
tiﬁcation of oxalic, citric, malic, quinic, succinic, shikimic
and fumaric acids (Table 2), and the cap had the highest
contents of these compounds. The analysis of the quantita-
tive proﬁles obtained made it possible to acknowledge that
succinic and shikimic acids were those which appeared in
lower quantities and that the major compounds diﬀered
according to the diﬀerent mushroom parts (Fig. 2): quinic
acid in cap and fumaric and citric acids in stipe. Oxalic,
malic and succinic acids presented important diﬀerences
in their relative amounts in the diﬀerent mushrooms.
In relation to the entire mushrooms analysed previously
(Ribeiro et al., 2006), some diﬀerences were noticed, mainly
at a qualitative level. The present S. granulatus samples did
not contain aconitic, ketoglutaric or ascorbic acids. These
diﬀerences could be related to distinct developmental stages
of the samples and to the fact that each mushroom is a dis-
tinct individual. Neverthless, citric and quinic acids were
the major compounds and shikimic acid the minor one in
the entire mushroom, as observed previously.
B. edulis presented an organic acids proﬁle composed of
oxalic, citric, malic, succinic and fumaric acids (Table 2).
The total organic acids was signiﬁcantly higher in the
cap, while stipe and entire mushrooms contained similar
amounts of these compounds. These results indicate that,
as in R. cyanoxantha and S. granulatus, organic acids of
B. edulis species are preferably ﬁxed in the cap. The quan-
titative proﬁle (Fig. 2) showed malic acid as the major com-
pound, whereas succinic and fumaric acids only appeared
in very low amounts. Additionally, cap and stipe have a
tendency to concentrate malic and citric acids, respectively.
In comparison with previous data of entire mushrooms
(Ribeiro et al., 2006; Valenta˜o et al., 2005b), we can
observe that these samples do not present aconitic, ketoglu-
taric or quinic acids. This could be explained by the diﬀer-
ent origin (C. sativa orchard in previous work), collection
date and, eventually, by the developmental stage of the
mushrooms. Once more, malic acid represented the major
compound.
3.2. Phenolic compounds
The screening tests for phenolic compounds with NaOH
and FeCl3 revealed their occurrence in all of the analyzed
Table 2
Organic acids content of mushroom species (mg/kg, dry basis)a
Sample Oxalic
(RT = 20.0 min)
Citric
(RT = 28.4 min)
Ketoglutaric
(RT = 29.5 min)
Malic
(RT = 34.3 min)
Quinic
(RT = 35.8 min)
Succinic
(RT = 43.3 min)
Shikimic
(RT = 44.2 min)
Fumaric
(RT = 57.7 min)
Total
1A nq 2310 (54.8) – 44,266 (0.0) 36,877 (0.0) – – 7233 (246) 90,686
1B 611 (64.1) 1870 (118) – 44,840 (497) 46,158 (1747) – – 8295 (69.2) 101,774
1C nq 1652 (68.8) – 32,335 (2778) 63,818 (1396) – – 6283 (111) 104,088
2A nq 5574 (264) – 58,601 (2437) 35,249 (6759) – – 7409 (83.0) 106,834
2B 1163 (165) 2801 (237) – 42,019 (0.0) 43,372 (0.0) – – 5952 (47.2) 95,306
2C nq 8451 (275) – 31,630 (100) 37,848 (309) – – 6775 (312) 84,703
3A 746 (93.7) 2934 (57.1) – 47,088 (1583) 36,453 (1226) – – 7181 (174) 94,401
3B 653 (25.6) 1905 (116) – 32,802 (1689) 36,363 (6467) – – 5796 (292) 77,519
3C 1060 (11.8) 4301 (437) – 37,245 (273) 49,827 (705) – – 6570 (30.0) 99,003
4A 1873 (1278) 12,130 (430) 1974 (118) 9903 (336) 63,135 (2143) 127 (3.6) 18.6 (1.8) 1804 (27.2) 90,964
4B 1158 (18.8) 4138 (82.2) 1867 (24.8) 11,155 (991) 110,205 (1121) 23.8 (0.6) 24.7 (1.6) 3064 (3.3) 131,634
4C 488 (43.1) 19,366 (726) 1524 (42.1) 14,309 (94.6) 95,264 (630) 348 (15.4) 89.0 (5.3) 2212 (6.2) 133,599
5A 786 (67.0) 10,100 (337) 1598 (105) 14,870 (290) 119,527 (2056) 150 (3.1) 23.4 (0.6) 1804 (27.1) 148,859
5B 888 (16.2) 3123 (350) 2778 (8.2) 10,769 (2534) 124,098 (2872) 36.1 (0.2) 43.5 (0.1) 2656 (27.4) 144,392
5C 864 (6.2) 13,269 (715) 1571 (31.6) 7714 (115) 86,480 (2202) 280 (1.8) 83.1 (1.5) 1663 (26.9) 111,925
6A 1810 (4.3) 18,651 (62.8) 5019 (887) 10,554 (14.7) 80,068 (2200) 106 (4.0) 32.7 (2.4) 2307 (25.7) 118,547
6B 1137 (10.8) 3526 (240) 1967 (117) 9435 (934) 110,405 (1404) 36.1 (0.2) 43.5 (0.1) 3038 (39.7) 129,587
6C 551 (26.0) 13,242 (839) 976 (12.0) 11,330 (329) 85,479 (5694) 215 (0.9) 29.7 (2.1) 2861 (145) 114,684
7A 2764 (164) 9147 (300) – 5792 (341) 11,389 (0.0) 306 (10.8) nq 11,150 (828) 40,547
7B 1271 (127) 3955 (64.0) – 912 (65.0) 2879 (433) 119 (2.8) nq 8958 (11.2) 18,094
7C 1134 (150) 13,345 (101) – 11,166 (197) 86,444 (1525) 227 (16.9) nq 2406 (155) 114,722
8A 9746 (225) 17,315 (561) – 8521 (1082) 16,203 (0.0) 506 (9.5) nq 4712 (30.8) 57,003
8B 2427 (206) 8876 (1.09) – nq nq 70.1 (2.1) nq 11,462 (59.7) 22,835
8C 2960 (53.1) 16,701 (1337) – 13,673 (2353) 31,231 (1575) 289 (14.1) nq 19,074 (300) 83,928
9A 417 (3.4) 1175 (100) – 7880 (37.8) – 53.6 (2.6) – 27.9 (0.3) 9553
9B 110 (4.7) 4790 (121) – 7935 (1.8) – 81.2 (5.3) – 25.0 (0.6) 12,942
9C 1400 (10.0) 3157 (0.6) – 32,257 (1881) – 191 (6.5) – 281 (7.1) 37,285
10A 901 (22.2) 459 (3.6) – 9765 (351) – 73.8 (0.1) – 33.8 (2.9) 11,234
10B nq 1468 (91.0) – 10,549 (42.0) – 113 (1.1) – 30.3 (0.1) 12,160
10C 1207 (20.9) 2192 (62.1) – 37,987 (646) – 73.4 (5.4) – 235 (1.3) 41,695
a Results are expressed as means (standard deviation) of three determinations. nq: not quantiﬁed.
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Fig. 1. HPLC organic acids proﬁle of A. rubescens cap (sample 5C). Detection at 214 nm: (MP) mobile phase; (1) oxalic acid; (2) citric acid; (3) ketoglu-
taric acid; (4) malic acid; (5) quinic acid; (6) succinic acid; (7) shikimic acid; (8) fumaric acid.
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Fig. 2. Organic acids proﬁle of edible mushrooms species. Values represent means and standard error bars are on the top of each column. Abbreviations:
(oxa) oxalic acid; (cit) citric acid; (ket) ketoglutaric acid; (mal) malic acid; (qui) quinic acid; (suc) succinic acid; (shi) shikimic acid; (fum) fumaric acid.
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rooms. Our previous work (Ribeiro et al., 2006) andreports on other mushrooms species (Mattila et al., 2001;
Ribeiro et al., 2007; Valenta˜o et al., 2005a) conﬁrm low
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HPLC analysis allowed the identiﬁcation of p-hydroxyben-
zoic acid in A. rubescens and in S. granulatus species (Table
3, Fig. 3). In the study with entire mushrooms of R. cyano-
xantha (Ribeiro et al., 2006), it was possible to detect ves-
tigial amounts of p-hydroxybenzoic acid. The absence of
this compound in the samples now analysed may be related
to the orchard of origin, collection date and/or to the
developmental stage of the samples. Additionally, it was
not possible to identify any phenolic compound in B. edulis
species.
In A. rubescens, p-hydroxybenzoic acid was found both
in samples of entire mushroom and of cap (Table 3). These
results suggest that this compound may have a propensity
to accumulate in the cap.
The analysis of S. granulatus allowed the identiﬁcation
of p-hydroxybenzoic acid in samples 7C (cap) and 8A
(entire mushroom) (Table 3). The presence of this com-
pound in the cap of sample 7 but not in the entire mush-
room could be attributed to its absence in the stipe, and,
therefore, it would appear less concentrated in the entire
mushroom extract. This dilution could lead to such small
amounts of p-hydroxybenzoic acid in this material that itTable 3
Phenolic contents of mushroom species (mg/kg. dry basis)a
Sample Compound
p-Hydroxybenzoic acid
1A –
1B –
1C –
2A –
2B –
2C –
3A –
3B –
3C –
4A 13.6 (0.9)
4B –
4C 70.0 (0.0)
5A –
5B –
5C –
6A 30.0 (1.0)
6B –
6C 37.8 (0.0)
7A –
7B –
7C 39.0 (0.0)
8A 15.9 (0.1)
8B –
8C –
9A –
9B –
9C –
10A –
10B –
10C –
a Results are expressed as means (standard deviation) of three determi-
nations. nq, not quantiﬁed.could not be detected by the present technique. On the
other hand, the fact that each mushroom corresponds to
a diﬀerent individual cannot be excluded. This fact could
also explain the presence of p-hydroxybenzoic acid in sam-
ples 8A (entire mushroom) and its absence in samples 8B
(stipe) and 8C (cap). This is the ﬁrst time that p-hydroxy-
benzoic acid is identiﬁed in S. granulatus species. In addi-
tion, quercetin, previously detected (Ribeiro et al., 2006),
was not found in this study likely due to the development
of the samples.
Other phenolic compounds with absorption maxima
around 260 nm were detected in all of the analyzed species,
although it was not possible to identify them.
3.3. Alkaloids
The quantiﬁcation of total alkaloids in the analysed
samples revealed that B. edulis was clearly the species pre-
senting signiﬁcantly higher contents of these compounds.
In a general way, the three remaining species showed iden-
tical amounts of these compounds (Table 4, Fig. 4).
B. edulis exhibited a similar tendency to accumulate
alkaloids either in cap or in stipe. The behaviours of the
other species were diﬀerent, since they showed a tendency
for higher contents of alkaloids in the cap, this being signif-
icant for R. cyanoxantha and A. rubescens. The lower alka-
loid amounts found in the entire mushrooms of B. edulis
and R. cyanoxantha could be due to some dilution eﬀect
and/or to the fact that each mushroom represents a distinct
individual.
3.4. Antioxidant activity
The antioxidant potentials of the diﬀerent mushroom
materials were evaluated by their DPPH-scavenging eﬀect,
which appeared to be concentration-dependant (Fig. 5).
The IC25 values and the percentage of DPPH
-scavenging
of lyophilized extract at 500 lg/ml were used to compare
their antioxidant properties, since it was not possible to cal-
culate the IC25 for S. granulatus stipe (Table 5).
For R. cyanoxantha species we used sample 2, for which
cap was the component presenting the highest antioxidant
activity, followed by the entire mushroom and the stipe
(Fig. 5). These results do not follow the total organic acids
contents order (Table 2). Neverthless, citric acid concentra-
tion was considerably higher in the cap and the stipe con-
tained the lowest amount of this acid. These data suggest
that citric acid may be important for the antioxidant capac-
ity of the species. The alkaloids could also have a relevant
role, since their total contents (Table 4) followed the same
order as that of the antioxidant capacity.
A. rubescens species (sample 6) followed this order:
entire mushroom > stipe  cap (Table 5, Fig. 5). Neither
organic acid nor alkaloid contents followed the same order.
However, the stipe had a higher organic acids content than
had cap and, therefore, it may give a major contribution to
the antioxidant capacity.
Table 4
Total alkaloids content of mushroom species (mg/kg. dry basis)a
Sample (mg/kg)
1A 15.1 (0.2)
1B 5.7 (0.1)
1C 22.8 (1.0)
2A 12.3 (0.1)
2B 5.3 (0.1)
2C 17.2 (1.6)
3A 18.2 (0.3)
3B 5.0 (0.2)
3C 10.5 (0.4)
4A 17.0 (0.0)
4B 6.4 (0.1)
4C 13.9 (0.2)
5A 26.6 (0.0)
5B 6.5 (0.2)
5C 15.3 (0.0)
6A 12.7 (0.1)
6B 6.7 (0.1)
6C 12.9 (0.3)
7A 21.7 (0.5)
7B 6.0 (0.1)
7C 11.2 (0.3)
8A 20.7 (0.4)
8B 5.5 (0.1)
8C 9.1 (0.1)
9A 48.2 (0.6)
9B 91.4 (1.7)
9C 92.4 (1.4)
10A 50.0 (0.5)
10B 96.5 (1.9)
10C 88.0 (0.4)
a Results are expressed as means (standard deviation) of three
determinations.
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Fig. 3. HPLC phenolic proﬁle of S. granulatus entire mushroom (sample 8A). Detection at 280 nm. (1) p-hydroxybenzoic acid.
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Fig. 4. Total alkaloids content of edible mushroom species. Values repre-
sent means and standard error bars are on the top of each column. Values
show means ± SE from 2 (S. granulatus and B. edulis) or 3 (R. cyanox-
antha and A. rubescens) experiments performed in triplicate.
54 B. Ribeiro et al. / Food Chemistry 110 (2008) 47–56The p-hydroxybenzoic acid may not be relevant for the
antioxidant activity, since it is present in higher amounts
in the cap than in the entire mushroom which displayed
the weakest and strongest antioxidant eﬀects, respectively.
The same conclusion can be drawn about the role of alka-
loids, which are present in similar amounts either in the cap
or in the entire mushroom (Table 4).
S. granulatus antioxidant potential (sample 8) displayed
the same sequence as found for R. cyanoxantha: cap >entire mushroom > stipe (Table 5, Fig. 5). This order cor-
responds to that of the total organic acid amounts in the
sample (Table 2). In addition, the content of the pair, malic
plus quinic acids, follows the order referred to above for
the antioxidant activity, suggesting that they may be
important for the antioxidant capacity of the species. The
relevance of phenolic compounds could not be evaluated,
since p-hydroxybenzoic acid was detected only in the entire
mushroom (Table 3). This compound most probably does
not play an essential role in the antioxidant activity of S.
granulatus, as it is absent in the cap, which exhibited the
highest potential. Concerning alkaloids, the results showed
that the cap exhibited higher total contents and antioxidant
capacity than did the stipe (Tables 4 and 5).
To check the antioxidant potential of B. edulis species,
sample 9 was assayed. The cap displayed the highest capac-
ity, followed by the stipe and entire mushroom (Table 5,
Fig. 5). This order suggests that some kind of antagonism
could occur between some compounds of the cap and the
stipe, in order to decrease the antioxidant potential of the
entire mushroom. In addition, the organic acids proﬁle
could be responsible, in part, for the antioxidant activity
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Fig. 5. Eﬀect of the studied mushroom species on DPPH reduction. Values show means ± SE from experiments performed in triplicate.
Table 5
DPPH-scavenging activity of mushroom species
Sample IC25 (lg/ml) % Activity 500 lg/ml
2A 835 7.0
2B 936 6.3
2C 760 11.5
6A 304 38.3
6B 527 23.8
6C 990 10.6
8A 196 41.6
8B – 20.2
8C 184 60.5
9A 184 60.5
9B 109 87.6
9C 77.4 94.9
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lowed the sequence observed for the antioxidant activity
(Table 2). Malic acid accumulated preferentially in the
cap which presented the highest antioxidant activity. Thus,
it could have an important role in this capacity.
Considering the total alkaloids contents of B. edulis and
the results obtained in the DPPH-scavenging assay (Tables
4 and 5), the participation of these compounds in the anti-
oxidant activity can be suggested, but their contribution is
still not clear. In fact, the contents of both cap and stipe
were similar but the antioxidative eﬀect of the cap was
higher than that of the stipe.From an inter-speciﬁc point of view, if we compare the
entire mushrooms of the diﬀerent species, we can observe
that B. edulis clearly presented the highest antioxidant
activity, followed by S. granulatus and A. rubescens. R.
cyanoxanthawas the species with the weakest capacity
(Table 5). These results are in accordance with those found
previously for these species (Ribeiro et al., 2006). Compar-
ing the caps from the diﬀerent species, the antioxidant
potential sequence was B. edulis > S. granulatus > R. cy-
anoxantha > A. rubescens,whereas that for the stipe fol-
lowed the order B. edulis > A. rubescens  S. granulatus
> R. cyanoxantha. Unequivocally, B. edulis materials were
the ones exhibiting higher antioxidant potential within the
studied species.
It should be emphasised that organic acids, phenolic
compounds and alkaloids composition is insuﬃcient to jus-
tify the antioxidant potential of analyzed species. Other
compounds must likely also participate in the observed
activity.
In conclusion, from the nutritional and health protec-
tion points of view, we can say that the four species studied
in this work are rich in organic acids, but phenolic com-
pounds are present in very low amounts. Organic acids
accumulate preferably in the cap. All analysed species pres-
ent antioxidant potential, especially high for B. edulis,
which is also the species richest in alkaloids. Except for
56 B. Ribeiro et al. / Food Chemistry 110 (2008) 47–56A. rubescens, it seems that the cap is the material that most
contributes to the antioxidant activity of these species. The
variety of compounds and the antioxidant potential
revealed by the analysed species represent an important
contribution to the knowledge of wild edible mushroom
species (of great consumption) and their possible beneﬁcial
eﬀect for human health.
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